Abstract-Alterations in blood glucose and cholesterol are more frequently detectable in hypertensive than in normotensive conditions. However, no information exists as to whether this phenomenon involves only office or also home and 24-hour ambulatory blood pressure (ie, when values are representative of daily life). In 2045 subjects enrolled in the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study, we measured home, 24-hour, and office blood pressure. Measurements also included fasting blood glucose and serum total and HDL cholesterol values. Prevalence of diabetes (Ն126 mg/dL or use of antidiabetic drugs), impaired fasting blood glucose (Ն110 to Ͻ126 mg/dL), and hypercholesterolemia (serum total cholesterol Ն240 mg/dL or 200 mg/dL) increased progressively from "optimal" to "normal," " high-normal," and "elevated" office systolic or diastolic blood pressure. Fasting blood glucose and total serum cholesterol also increased progressively from the first to the fourth group, with HDL cholesterol values showing a concomitant progressive decrease. This was also the case for quartiles of office, home, and 24-hour blood pressure.
S
everal studies have shown that hypertensive individuals more frequently display alterations in glucose and lipid metabolism than normotensive ones. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Evidence has also been obtained that alterations in lipid and glucose metabolism are more frequent in individuals with blood pressure values in the high-normal range (ie, between 130 and 139 mm Hg systolic or 85 and 89 mm Hg diastolic) than in those with lower values, 1, 5, 7, 12 suggesting that the relationship between blood pressure and metabolic alterations may have a continuous rather than a threshold-related nature.
We thought that the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study 13 could provide relevant information on this issue because: (1) blood pressure, total serum cholesterol, and blood glucose were assessed in a sample representative of the general population; and (2) blood pressure measurements were obtained not only in the office but at home and during the 24 hours (ie, under conditions devoid of biological artifacts such as the white coat effect and representative of daily life values). 14 -15 
Methods
The methodology used in the PAMELA study has been reported in detail previously. 13 Briefly, 3200 individuals were selected randomly from the residents of Monza (a town in the northeast part of the Milan province) to be representative of the town population for gender, age decades (25 to 74 years), and socioeconomic characteristics, according to the criteria used in the World Health Organization Monitoring Diseases (WHO-MONICA) project conducted in the same geographic area. 16 -17 The overall participation rate was 64% consistently in each age-gender stratum. The demographic characteristics of nonparticipants were similar to those of participants. This was also the case for cardiovascular risk factors on the basis of information collected via telephone interviews.
Entry Data
Participants were invited to come to the outpatient clinic of the local hospital (San Gerardo) in the morning of a working day (Monday through Friday) where several data were collected. Relevant to the present study are: (1) 3 sphygmomanometric blood pressure measurements with the subject in the sitting position, starting 10 minutes after the beginning of the medical visit and including heart rate measurement (palpatory method) after each blood pressure measure-ment; (2) a 24-hour ambulatory blood pressure monitoring through an oscillometric device (Spacelabs 90207; Spacelabs) with the blood pressure readings set at 20-minute intervals (subjects were sent home after checking for the device accuracy with the instruction to continue their usual activities and to come back the next morning for the device removal); (3) 2 home blood pressure measurements (at Ϸ7:00 AM and 7:00 PM) through a semiautomatic device (Model HP 5331; Philips), using the arm contralateral to that used for ambulatory monitoring; (4) 3 additional sphygmomanometric sitting blood pressure and heart rate measurements after removal of the ambulatory blood pressure measuring device; and (5) information on cardiovascular risk factors derived from history, physical, and laboratory examinations. Laboratory examinations included blood glucose and serum total cholesterol, which were measured by a standard glucose oxidase and an enzymatic method, respectively, from a venous blood sample collected in the morning after a fasting overnight period. The same blood sample was used to measure HDL cholesterol via the enzymatic method.
Data Analysis
The 6 office (3 before and 3 after ambulatory blood pressure monitoring) and 2 home blood pressure measurements were separately averaged. Ambulatory blood pressure values were edited for artifacts according to preselected criteria 18 and averaged for the 24 hours. Averages were also calculated for the corresponding office, home, and 24-hour heart rate values. Subjects were divided into 4 groups according to the office blood pressure criteria of the guidelines of the European Societies of Hypertension and Cardiology 19 (1) the demographic characteristics; (2) the average body mass index, serum total cholesterol, and blood glucose; and (3) the number of patients with hypercholesterolemia (serum total cholesterol Ն240 mg/dL or Ն200 mg/dL), impaired fasting blood glucose (Ն110 to Ͻ126 mg/dL), or diabetes (Ն126 mg/dL or use of antidiabetic drugs).
Comparisons between groups or quartiles were made by ANOVA, using the t test for unpaired observations to determine between-group differences, with the Bonferroni correction for multiple comparisons.
Pearson correlation coefficients were used to determine the relationship between blood pressure or heart rate and metabolic variables. A multivariate analysis was also performed with office, home, 24-hour systolic and diastolic blood pressure, age, gender, antihypertensive treatment, and blood glucose as the independent variables and serum total cholesterol as the dependent variable to determine the blood pressure involvement in the abnormality of the lipid profile after considering other potentially involved factors. A similar analysis was performed by replacing total serum cholesterol with blood glucose as the dependent variable and blood glucose with serum cholesterol as an independent variable. A PϽ0.05 was the value at the level of statistical significance. Throughout the tables, the symbol Ϯ refers to SD of the mean, except for the ␤-coefficient in the multivariate analysis, in which it refers to the SEM. Table 1 shows that, except for smoking, male prevalence, age, body mass index, serum total cholesterol, and blood glucose showed a progressive increase from the group with an optimal office blood pressure to the group with normal, high-normal, and elevated office blood pressure values, whereas serum HDL cholesterol showed a progressive decrease. This was also the case for the number of patients with hypercholesterolemia (serum total cholesterol Ն240 mg/dL or Ն200 mg/dL), impaired fasting blood glucose, and diabetes. Similar findings were observed when the PAMELA population was divided into quartiles based on office, home or 24-hour blood pressure (Tables 2, 3 , and 4). As shown in Table 5 , office, home, and 24-hour systolic and diastolic blood pressure all showed a positive correlation with body mass index. They also correlated positively with serum total cholesterol and blood glucose values, which showed a weak positive correlation to each other (rϭ0.10; PϽ0.001) and, except in one instance, no substantial correlation with office, home, and 24-hour heart rate values. Similar findings were observed in men and women analyzed separately (data not shown). In the multivariate analysis (Table 6 ), blood glucose was positively related to gender (greater values in females), body mass index, and age, while showing no relationship with the presence or absence of antihypertensive treatment and serum total cholesterol. Serum total cholesterol was related inversely to gender (greater values in males), positively related to age and body mass index, and not related to antihypertensive treatment and blood glucose (Table 7) . Blood glucose and total serum cholesterol showed a highly significant positive relationship with either systolic or diastolic blood pressure, regardless whether office, home, and 24-hour values were considered (Tables 6 and 7) .
Results

Discussion
In the PAMELA study population, the prevalence of diabetes, impaired fasting glucose, and hypercholesterolemia was greater in subjects with hypertension than in those with normotension on the basis of office blood pressure values. Furthermore, all 3 conditions became progressively more frequent from subjects with optimal to those with normal, high-normal, and elevated office blood pressure, with a concomitant progressive increase in average blood glucose and total serum cholesterol and a reduction in HDL cholesterol values.
Finally, all the above findings were replicated when subdivision into blood pressure subgroups was based on home or ambulatory rather than on office blood pressures, and all 3 pressures showed an independent and positive relationship with blood glucose and total serum cholesterol values even in a multivariate analysis that considered the contribution of other factors (ie, age, gender, body mass index, and antihypertensive treatment, as well as serum total cholesterol for blood glucose and blood glucose for total serum cholesterol). This confirms previous findings that 
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alterations in glucose and lipid metabolism cluster with blood pressure alterations, 1-12 making diabetes, prediabetes, and hypercholesterolemia more frequent in the presence than in the absence of a blood pressure elevation. It also provides clear-cut evidence that in the population, glucose and lipid variables are related to blood pressure in a continuous fashion, which means that their abnormalities have a different prevalence even within the normal blood pressure range, that is, diabetes, prediabetes, and hypercholesterolemia are considerably more frequent in the group with high-normal than in those with normal or optimal office blood pressures. Finally, it shows for the first time that what is observed when subjects are classified by their office blood pressure occurs also when classification is based on home and ambulatory values (ie, on values that are not just occasional but typical of daily life). Several other findings of our study deserve to be mentioned. One, the observation that alterations in glucose and lipid metabolism are related not only to office but also to home and ambulatory blood pressure is important because in normotensive and hypertensive subjects, office blood pressure is frequently affected by the white coat effect (ie, by the pressor response induced by stimulation of the sympathetic nervous system triggered by an alerting reaction). 14,20 -21 Although relatively ineffective on serum cholesterol values, this stimulation may raise blood glucose in a way that favors its relationship with a blood pressure elevation. [22] [23] [24] [25] This is not the case for home and 24-hour blood pressures, which are virtually devoid of any pressor effect. 26 Two, in the PAM-ELA study, home blood pressure was measured only twice within the same day, thereby not exploiting the full potential of these measurements, which can be spread over days and weeks. The finding that home blood pressure correlated with blood glucose and cholesterol fraction as well as ambulatory blood pressure points toward the clinical relevance of the approach. Three, in the subjects of the PAMELA population, blood glucose and total serum cholesterol values showed a positive correlation that was weaker than that for either variable displayed with office, home, or ambulatory blood pressure. Furthermore, and more important, the correlation between these 2 metabolic variables disappeared in the multivariate analysis, at variance with the correlation either of them showed with in-office and out-of-office blood pressure values, which was preserved. Four, at variance from blood pressure, blood glucose and total serum cholesterol show an inconsistent correlation with heart rate values, regardless of whether they were measured in the doctor's office, at home, or during the 24 hours. Because heart rate is a marker of sympathetic tone, 27 this may appear to score against a sympathetic hyperactivity as an important common mechanism for the blood pressure and the metabolic alterations. However, it should be considered that cardiac and peripheral sympathetic activities do not always proceed "pari passu," which makes heart rate a "sympathetic" marker of limited sensitivity. 28 
Perspectives
Our findings indicate that a blood pressure elevation is separately related to alterations in glucose and lipid abnormalities, possibly playing a causal role for both. We can speculate that this role is exerted trough the vasoconstriction that characterizes a chronic hypertensive state 29 because this hemodynamic phenomenon may adversely affect glucose and lipid metabolism. In the skeletal muscle, vasoconstriction increases the distance insulin has to travel to facilitate glucose disposal across the cell membrane. 30 In adipose and hepatic tissue, it may slow down the disposal of the various components of the lipid profile. [31] [32] [33] 
